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I if ^« 1 ] ^WLLiz^ 7 ^ -fe'- i/ 3 ya 
OT$)0. H?ie^:?9^-tf->-3yi*>'ptt'$>o, 

[^^JI3] MgO ( 1 0 0) i^S 
^±{clta§^i7t P t (10 0) 3t)»^>^r^ll 1 <7)mM 

t. mmi<^mmi.^zim^ixtzsBTnmi'ib'>x . 

cfSiB(ti]S:Wfl). SBTNlii:. iiSBTNjg±tCit 
[00 0 1] 

imioi^v^wmw^^->-<'y'^n=f^zmL. m\>z. xt° 
9^i^^)v/u^^^\,zi;.mmmmmwmm\t 
'm<r>mm-nm\<zm-th . 

[0002] 

^^-m^tL. ^mmnHi. mmzx->xm, 
;^ r 1/ c7) J: 0 tc$'m^mti:mmzmm s ^^ i. 

w&,z%s-mm:H-x.h^ti?hh. i.->x. ^m.^ 
mmzax^x. '^^^t.-^£mm.\.zmmh(r)\,z-m-^jM 

\.omwmm\^Wi\'^h^'t{^'mx:hh. ^i^\z 
:^-y^M-^h^mmmv<iiiz. mmt\.t::m--f 

[0003] Kifii^fLfvilg. ^tz\tx.\f:9^'y\}vmi 



m:^^hf^^\,z\i.. 'm±x:\,z^ t wt^mmmf)^ 

l.-t^j:h-h. (1 ) l^iia^^ift (PVD) 

( 2 ) -fb^WTo-fe;^ ("The Materials Science ofThi 
n Films'\ Milton Ohring> Academic Press, 1992; S. 
L. Swartz, IEEE Transactions on Electrical Insulat 
ion. 25(5), 1990, 935: S. B. Krupanidhi, J. Vac. Sc 
i. Technol. A, 10(4). 1992, 1569Sr#BSc7)^ i ) tcO 
2of $>!.<, C:(?)'fli¥Wrn-lrA{i:$ii,C20i7)-9-7'^ 
)l-7'iz-^m^tll . •t^j:h-h. it^%n^M:b. V)V 
'f)ViiXV^-m,^Wjim (MOD ) Sr-^tJ-^x ■/ h^L^ 
ro-feAi:C02oT'$)l>. PVDfi^ffjiOif-C', Si-^ 

mzm^hfihmmmmmi^m,i. n=mm:. 

y^Uy:/. dc^-Z^^Yuyxf^y^^jyV^ M^y 

■fryu-'^ayx-hi. mj^immitLxa. yvp 

fz, ^ti^coyu-txizxtm, ^^ti^i^-x'. mmm 
mti^m<. :^)u-r yhi}m<. m^mmizmi. l*^ 
h {mm^!mx^j:^^<73X') is^gfflisv^tv^afij 

^-^miircmn(>ti. mmmmux\ mm 
m ■ mmmmtimzmK . ^mmiii>m>!t)x mx-h 

0. bt>i>:mm^j:ru-txmmx'hlb\^d^t^ 

tmi\Mt^n(>til, t*^t, 3il3]^l5lg«c (precursor 

s)os»?{±. ^mzmm^j:mmx'$>'o . imi,Zim^j:K 
mi^^^mt^iibizh^j:^, t*^t>, mi>z^^i^ 
mizimmmt>zM.i^tihmi^j:m^mom^i,zii. 

^mmiim>xw^^j:z bmi. mmM^^ra 
^x. m^zxj-^y^^jy'^ru^xii. wmmmcrm^ 

\<zm^t:>fix^x^^h . PVDim^zXiUf. Vy^r 

u-txx\ um}sj:i/mi^mtimzm<. 

til, jfi^. x*)m^Lfzrv-tx^zx^i]m (vKo 

. r f V:/:^ h Q yx^N* >y 'J IS 

J: t/'f ^ y t - N- y 9 V y^ts: mh i ) t^m^^ 
tifz^bizx*).mi±x'ii'scr>m\^ {m±. s.9vm 
m±m-mzmtix^^i) m!K^^mm±i>zimti 

^Lbti^X'^l. y°yX^I,zm^< PVDgt^fH^fcV^T. 



I 
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izm^^i^tt^x'^^. tt^i. ji^^^^i^^ju^^iz 

[0004] ^mmta^. m^^my^. mimm 

m't^^t^'t^j:m^%m^^MmthfzMz. 
o*»c7)t^^rr*^fflv^4>^^■r#Tv^s*^!, ^^^^^^^^ 

iz. ^mmmtmii. ^nammm.-r^zt^zX'yx 
■ti. zc^Mmzio^ih'ifWit. mw^titzmmzmt 

x\ m%m\,zwM«im:. (^js- 

4^13 r 1 J r 0 J ^ LX'mit-fhiltiM^X' 

^7.%li^m.t^'\^htth (J. F. ScottfciL^C. A. Paz 
de Araujo(:J:|.Science. 246, (1989). 1400-1405lr 

^■^X:<^U (FRAM) J4, X>f -yf-y^/jIjK*^'^ 
itfziiGaAs<7)YLSl m^izncr>^i>Ml 



M (SRAM) , p<>f y>'Xf-A;><qEU4'«or^-f5 -y 
:?RAM (DRAM) . fcJ:l/;P>y :?T'/7'T-7";Kf 

u (EE PROM) izm^mum-oxithiztti^ 
mx'hi. 

[000 5] ^mmi^mmm\<^^zt^zx -^x^m^ 
mAMizii±^^j:m^mmmm^tihi,<7)(r>. « 

f^W4, IB1^g^:^3V^■C I" ij i: r o j ^mWh(^ 

-thWM (I. K. YoojoiUfS. B.Desu, Mat. Sci. and 
Eng.. B13, (1992). 319; S. B. DesufcJ;t/I. K. Yo 
o. J. Electrochem. Soc.. 140. (1993). L133S:#Mc7) 

^t) {4. s^^fLoffi^fi^^ttt. ^tii^t^nm/^ 

{4 . ( HJf Hco^pmffi ^mtf^) ^^««sMo®a4> 

^^^^tht^mz'SimiX'hh) tti4. m^/^i^i: 
^i^ffi*q^^sic^i.^m. ^^mi4-?-io^Mici6iA- 
->xi^m-hm\ifihh. m:mz. ^fih<DmAm 

[0006] S[3^*?'e«7)ft!!(7)^feMi:iORM^i£i-r-S7tft 

ll{4, ■5rtg^^^?g*^'20$)|,, mic7)(g;^®{4. 

w.^(^^m^m'\-MB.i<z t m h fzisbi,zm^^hixx \ ^ h 

(Desu^>O7|^ll#rFll5,491,102-^. "Multilayer Elect 
rodes for Ferroelectric Devices"S:#HBiO>I ) „ ^ 

d i 1 i 0 mmz bK^hz-tti^x'th. L a ct 
t/Nbc7)K-ey^{4. mi^nm-hzt^zx^p t 

^ilTV->|, (S. B. Desu. D. P. Vijayfcil^I. K. Yoo 
l^iSMat. Res. Soc. Symp.. 335 (1994). 53^#,^(7) 

cit) . %m:mm.t:mMi<ztmhtz^<r)-Hmh 
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[0007] mw!mm^zii\^x . ( b 1 ) 

X\ M = Ba, Pb, Sr, Bi. Y^tfdiin a^X'h 
0. n = 2. At.1Z\i5X'h^ . R=Ti, Nb^/t{S 

Ta^x'hh) (i, mmM:^'rh^tim(>ixx\^h 

(E. C. SubbaRaolCj;|)J. Phys. Chem. Solids. 23, 
(1962), 665; B. Aurivilliustli-SArkiv Kemi. 1(5 
4], (1949). 463; E. C. SubbaRaolCt^J. Chem. Phy 
s.. 34(2], (1%1), 695; G. A. Smolenski. V. A. Isu 
povfcJ;lXA. I. AgranovskayaHiljFiz Tverdogo Tel 
a, 3(3], (1961), i%^mm<7^^t) . :iint><7>it-^ 

^tmmEnmw'm^L. mm.ij^B(7^cm.\.z^->x 

[0008] :itli^c7)iFimTli. S3%*fli{i. aWfc i 

v^cm(^wiji>zi^^x^-t^'iti}mi^iix\>^i . r 

h::tl,zi:'0. zti(:>cr)Scr)miz'S^^Btiihfz(:>^ti 

h. cmzii^^fz-^mn. ^'ozfxti^h(7:>i.o^j:m 

cOiiMttJi, ( B i 2 O2 ) mm=^\.zii 0 i: ^tih « L 

<7)T\ ( B i 2O2 ) miiti^. ^ixhcr>nmimmn!& 

Sr^r-r -I. i i: {C^ I) ta^j3S«CJPfi t T V^-S ^ i: *^:b*> 

Sil/iS^^lijtSt^f^si: B i 4 T i 3 d 2 

I) (S. E. Cumininsi;^ ilA-. E. Crosst J:l)Appl. Phy 
s. Lett.. 10. (1967). 14 ; N. MaffeitJilA'S. B. Kru 
panidhit:J:I.Appl. Phys. Lett.. 60(6). (1992). 781 
Sr#ffS^Oii:) . ^(mmzmh^Wji%.iii.1f^% 

^{4. m^\iz±%<m--thz.tiimi6ixx\^h. 

K^VMl. a-bffitC|6]*>ot:/jN§V^A]t (4^) X 
<m\.X\^h. ^fiXzX^. l^{i:aWc;?0-9T. t,^ 
1 0{4 c W{:?t^-:> t 2 0(7)^^1, ^^:e-p< y h t 

ASWIC(4. alttiHifilliJi. :>c#^r^|gfc:^ 
{4. <KV^:JJ-fiifcffiv^Eciii:S:5^-r, ::«Oj:a^^l)t 



'S.i:#xl.<^{4. ai3*^^o-CV^I>, j:oT. 
c7)JSSr^:R$1i--?)tO*W^ LV\ \,tzif->X.nH-<^W 

/J^^=^:I. i; ^ ts:%SaW-£m:irf^A Mz^-tf<.% Xh 
I,, cttSElSlSr B i2 (Ta.Nbj.J 

(SBTNIg) {ftHL. 0<x<2) COI«:ilCOV^T 

fz> ^.tihrnm. ^<mm?^m^m^^xh^ (p 

R ; 1 l/zC/cm2. Ec = 65k:V/cm) . mm 
i?U< (5X1 0-12 ohm- cm) . A>0^^<7)^V^ 

o f^OT' . a t c WiJ-fii i: (D^i^-^h-^Xh 

<ItT.^cO!mi (#{:. fiim^isJ: Instil*) {4 
^i^izi&m^ii^tcr)t^m^ii?>. 

[0009] mM. § s ^t^j:umizj;: ^xm^mmu 

f -T'^^^t- h o y .y ^ ij y i/t: J; 0 -If 7 r r±l= P 

{c<);')MgO±tcKNb03Sr^*$-a:l):^r^. >'nVI^;^ 
f rri^-i^ H y J: 0 M g 0±tZ B a T i O3 S: 
Bg:R$-ttl>:tr^. MOCVDtCiOSrTi 03±(CP 
bTi OgSriS^i^-a-^S^. J; 0-9-7 r-f 

T±lcL i Nb03$:fig:g§-ti-|):^'5:i:mi. (H. Ad 

achi. T. Kawaguchi. M. Kitabatakeio J;lXK. WasaHJ: 
l)Jpn. J. Appl. Phys. 22. Suppl. 22-2. 11. 1983; 
M. S. Ameen. T. M. Grattenginer. S. H. Rou. H. N. 
Al-Shareef. K. D. Gifford. 0. Auchielloi3j;l>'A. 1. 

Kingon(2il.Mat. Res. Soc. Symp. 200. 65. 1990; 
M. G. Nortonfeir/^C. B. Carter J; S J. Mater Res. 
5. 2762. 1990; M. de Keijser. G. J. Dormans. J. F. 

Cillessen. D. M. de Leeuwfc J;tXH. W. Zandbergent:! 
J; I) Appl. Phys. Lett. 58 . 2636. 1991; K. Nashimoto 
fcit/M. J. CiiiiatJ:|>Mater. Lett. 10 . 348. 1991$: 

#!i<7)ifc) , :iixhnm^<n±mi. ^ciyx:^-f h 
^w:»3^{^Mt{4£^$iiTv^^rv^. t*>t. mmnm 

§iT.-CV^|) (S. Y. Wu. IEEE Transactions on Electro 
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n Devices. 1974^^, 499-504K5'#H^cOC: i: ) , Z 

ittlMthh (R. Ramesh, K. Luther, B. Wilkerns. 
D. L. Hart, E. WangiS iyj.M. TarascontC iSA. Ina 
in;X. D. Wufcj;irr. VankatesanlCj: SAppl . Phys.Let 
t. 57, 1505, 1990S:#B?c7)i t ) , L^^L, ZtL^<r) 

MWX'h-yfz (S. Y. Wul::j;|)Ferroelectrics, 1976, 

im, 379^mMi^m<r)z t ) , m^mmm^mm 

[00 10] 
[00 12] 

[ mm ^:fmt^ tii!b(D^m ] x h %m9.im 
^m.th-Hm^i. w^\,z?^^y^M-i^Bym^m 

0 iz , |gS^^^}ie'fb!|D*^', fS^ ^ 7 'f -fe- 3 y Jlo 
KmSKHF^iOfST.' N° 7 ;< - ^' S-^r L T V ^ S d i: t i 

[0013] Buiea^*^'^ ^ y±icit«$^i5tM g o 

[00 14] J)I)V^{4, MgO (100) A>A,35:I.S^ 
t . mmitlzim^tLi^P t ( 1 00) A>^>55:l.mi 
l^l<7)^8i±tc«l«$iiy'cSBTNliT'$) 
-5T, cWE|6l$-^-r^SBTN)ii:, i^SBTNMJ: 

[0015] mzmmm-ti . 

[0016] 3ts^B«t3J:l.5Si^ft)^5-«imi-|>:^a{c 



202)2* (M„.iR„03„*i ) iClf, M=B 

a, Pb, Sr, Bi, Kif^iN at'S)0 , n = 2, 
4i7t(45-C'S)0, R = Ti, Nb|iyi{4TaT^>|). 

»*t<{4, MgO/Pt, Pt/Ti/ 
SiOz/Si, RuOxT'3-T-< 

y^xn (RuOx/s i o/s i O2/S i) . ->)-y 

i^aV^jm, if4L<(4, Pt, MO, (i^f, M 
= Ru, I r, Rh, Os^j:}i-Xhl) . YBCO 
•fC^-yhJ'^AA'U'^Ali) , LSCO (3A';l/hK^ 
y^-fAxhvyi-^M,) , Au, Pd, A 1 tfzHN 

iX'$>^. zti(,mm^m^^x . Tsutt^^utzfc 

[00 17] 

[IS&HJ^OHifiOJ^fll] xt^dfS^i:{4, iS^14»K± 
IX. A,rDxe^4f>'t(4, lt{4M=5:'S«^*»'i5^ 

t*^-? !t 0 , mW£^^ti'^tixX ^ ^fz 0 LX 
S^it^xe^J'dfi/^/HiSr^^g^-ti- 

z b hx'^ h . mcr)mwmiiiiX/mmn<^mtK 

[0018] xtf:?^ i/A';Hl^ltS-ri.:^£{4, 
<^ttl.t, ?Sffixf:?^i/ (LPE) , mfflxe^:Sf 
S/ (VPE) *jj:yf^^4ixf^df>' (mbe) t.z^m 



(6) 
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\^h^tifx:%h, 
[0019] \;X^oM^X\t. T>M 

^mru^x^im.r)^^ x\,zm^^Vfxwm-h , * 

Wmf^ {^ts:h%. SrB ijTaaOa (SBT) - 
SrB izNbzOg (SEN) ^fflV^T. ibi. 

iy^y) ^m^M-^z.t\,zi,^^^ixh. ifwmma 
xv^^wmm^i.z7rs^ixhm^<mm<mw,i. tztz 

SBTN*»<^^|,c!WllS!6]^!iS:, X^fS^vl^— TTT' 
L—v-ay^t^iOMgO (100) /Pt (100) 

m^zn Lxim\,zm^£immmm^msi-t^ t tK- 
^^x^m^m^mwM'mitwmcr)^ yv^i-^m 

-pfVil) (D. Dijkkamp. T. Venkatesan. X. D. Wu, S. 
A. Saheen, N. Jisrawi, Y. H. Min-Lee, W. L. Mclea 
nfcilAl. CrofttJ;|)Appl. Phys. Lett., 51. (198 

7), 6i9^#HBc7)ifc) . zcntmii. ^^-^^mm 
^^i^m^mmix^T^. jK^x'm^j:mmi: 
iK^^Ktimsrc'mmx'^6b^^om)kt:^ix\^^ . 
[002 1] m2izii. mmmmmmmm^m 
x'h^^mmi^^^^'^i^^coimmf}<7jk^tix\^i > 5$ 

i^l;#:^^-/^'v-:5'(4. MgO. i^^ay^ x'j3yf-y 

r±lzmm$ixfzZM^ti^ 'J 3 ym. ^M>%. -9- 

yr^rts:^X'h 0 0 1 o<^±i:jg)S$^i 



^mM.b^h^t^z^'^. m&-£mkmt^j^^\^x\, 
\.tzmmmWimM-mTu^x(r)\xniti^-km^x . 

t, Au, Pb^^cJSPdOid^^Ji. MO, (0< 

•i^<2)<n};.ot^mmJm^mk:L^x. m=ru, r 
^(rt^ot^mwsmm. s/diYBajCujO,.,, 

B 1 2 s r 2 c 32 c U3 OloOJ; d ttnw^WkMXh 

0 d ^ , t> L^g^^^> . ^'^ryru'- vm 1 1 

mm::^->x^^%^x%,i.\^. ^<mk. smnmm 
mx'hi^mmmfAis^. fMt.&*i&Hjcorn 
■^x^zxy)mmm±^zimth, ^<7)^k. v-a-F'^-? 
S::f^ ixm^mmtim 1 4 ^itat c: t (Cct o 

(4. Z(DmfA^\^'yt:A.^m,i^mcr)-m±l>zimL. 

mmz'7x^y:/imuzmi>z. K!m^:^y:^-y^y 

•y^y^^t'cO^JiWVLS lX7^y^7°n-feXc7)V'> 
•ftt*^Srffli^Tx>yf-yi/-f|,c:ttcj;-oT, •>x>'n± 

Ly::^f^4i /iti-eii^j t^^TO t (iSiJ^O ^ >f 7°c^W 
r4T'tJ;v\ ^^^rJi-^lc{4, 03 tS^-Ti die, ^n'-x 

[00 2 2] iiorn-fexti. ^-Tsmth^-f^yY 

hmM(ommmmxu. a^mm^t-^i,z^ttih 
^(T^^tmrnimiSiX'^m^-^xm^L. =s-«7cs 

y^fr >f 4'c^mm^^<?)ilS^5:(Sit L , -eiilc J: T ^ 

yl/S/Ptft'-fL^ftifeJtt-t^^TSil^^^i^c S r C O3 , 
BijOs. TazOsfcitXNbzOgCT)?;}*?:}!-^-^.^: 



(7) 
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SrB i2Nb2 09C7)|a>§(!|s (SBTN) immU^. 
^i^-thVmy^ E^J 1 0 . 0 0 0 P s i . MiSco 

1 ioo°cT'iBt^ (srntf') M^L, ryu-i^^y 

mmiz 0 ~ 5 0 %ff)msx'm\izii]itti . -yhm 
m^'rTo±x'mhmwj:xTyy°it. mm^tiXt/m 

it^i<zicitmfm3nt7 0 o~i 6 0 o'cco^mx- 

Oil oo'caia-c'*-3/c, 

[0023] Jf^^^itig-fCit^Kow-if rru-j^ h y t 

iorn-fe^ii*^wi:, m^vtm^izmm^timm 
-y^y h ^:m^^rz]y-^mMizx 0 . ^:^yit^tifzm 

mff)r)V-A (plume) S:^-ri.::fc$rf#d. ^(^ 

'ik. ^-y-y vmm^(:>ti:hmmiM.'f-v^vx'mmL 

V^|.cr)y()igt— ^e^jT'ifbl). ArF (193nni) . KrF 
(248nm) , KC 1 (222niii) , XeF (351nm) 
XeC 1 (308nin) t V^-o/iffl^«0M^|.#a;ir;^5:ffl 

:t^;U^-S:i)gS-t -S. C: i: 3&^-C# l> , K r F ( 248nm ) 

I. .J; at:, *^B^tJ;l.$>l>!NfScollJ6(7)j^®t{±, K 

r FU— r (248niii) 2 0{i, 5 0 cmUV ^V-YCT) 

^ai^yx (M^uyxs o ) S:fflv^T. <sim-tim!tk 

mAiS'-y-y h 2 8±izM^^h-^^tlfz. Al*t'-A 
cr)X.:^./l^~i 3 OOmJ/pu 1 se~l OOOmJ 
/pu 1 seiOKH, if^ L<{i6 0 0mJ/pu 1 s 
eX^^t^-^t. CliDk— f$-2~5 0 0Hz<7)®fflc7))f 

•m. ntKiii o}izcr>MmiX'mi^^ittz. zco 
(r>nmx'^-y'yh2 8±^tMi-^-tfz, ^-y-y h 

2 8{i, l0^13rpm(7)TmX'mW:^^fz. mWL2 

4 mnii. msi>zm\iit^titi$ii^-x h ^m^^xx 

TyUXm^(^yOy^±l,Z^^tl^ 4~5cmC0^ 

m^rm^-fx^-y-yhb^mz^m^iifz. mLTt^)vy 



-2 2httz. 'yxf\<7)mm±^(7)i^^j:im^mmi,z 
^•fhtiMz. mmizmm^-^fz, cioitsti, ^- 

^•/hfc<J:i^»KS:iR^LTv^§f-A'y^N'-2 6$:, 1 

mTo r r — 1 0 OTo r r<D^WP^(^E^ iltft Ll"* 

mmEim . 2 O O m T o r r t-S) l> ) iZ^^^tlfzm 

m&mmuzmi>zi5z^j:htif.:. ztiii. immmi 
mmi'-^mmzm^ti-htzMzin^fz, s^mmizn. m 
u^it. a?g~9 0 o'ccnmsco^&mizmn^tifz. 
Mt LK^mw^f^ma. loo °c-8 0 0 vx-h i . 
hh^izit. ^imntfzm. soo'c-qoo'c^^ 
mmfH(r)i§,mx'T--uyi/t:m\ mm<r>^iMim 
mtz, 

[0024] *MB30$>|.!^^c7)||SScr)jg^t'{4, xdf 
^TilSfSrB i2 (Ta.Nba-,) O9 (0<x<2) 

m^-ti^, ^<7)7°a-txx'm^^tz^-yyhii. w^v 
fzmkmmnxmizx'omk^titz. m.ii. rf-? 

y:^-huyxj^y *J y^>'liZj:*) P tBMWM (3 00 
nm) (DmX'^-T-i yy^tlfzMgO (100) tL 
fZ, ZCOPt (100)M{4s RFJ^^.yN'-y^ijy^f-A' 
W^'-|^■C^ mm^tltz^PrTlZMgO (10 0)^ 
±m:i§-itJt. itm^ffti. 3 nm/m i nc7)lt«a 

JK^^-ti.^j^tc, *^iaK=7 0 0'c. RFm:b= 
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(54) DEPOSITION OF FERROELECTRIC FILM AND FERROELECTRIC CAPACITOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To deposit an orientation-grown or epitaxially 
grown multilayered thin film of ferroelectric oxide with a high reliability by 
a method wherein a multilayered oxide film has a lattice parameter in the 
prescribed extent of a metallized layer. 

SOLUTION: A thin bottom electrode 12 is deposited on a substrate 10 
using either of a standard PVD process and a chemical process for thin 
film deposition and, if necessary, an intermediate template layer 1 1 is 
provided between the substrate 10 and the electrode 12, whereby the 
electrode 1 2 may be grown along a specified orientation. After that, 8 
ferroelectric layer 1 3, which is a multilayered oxide layer, is deposited on 
the electrode 1 2 and a top electrode 1 4 is deposited on the layer 1 3 via a 
shadow mask, whereby some capacitors are formed on the wafer. In case 
of need, buffer layers 15 and 16 are respectively laminated additionally 
between the layer 1 3 and the electrode 1 2 and between the layer 1 3 and 
the top electrode 1 4. As a result, a high-quality multilayered thin film of 
ferroelectric oxide suitable to apply to a nonvolatile random access 
memory is obtained. 
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1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] So that it may be the deposition method of the ferroelectric film characterized by providing the following 
and a result to which grid mismatching is limited may be brought So that this metallization layer and this substrate may 
have the lattice parameter of predetermined within the limits, respectively and may bring a result to which grid 
mismatching is limited The deposition method of the ferroelectric film which this layer structure oxide deposits on a 
desired growth direction when this layer structure oxide has the lattice parameter of this predetermined within the 
limits of this metallization layer. The process which deposits a metallization layer on a substrate. The process which 
deposits a layer structure oxide on this metallization layer. 

[Claim 2] The deposition method of a ferroelectric film according to claim 1 that the aforementioned substrate is MgO 
deposited on silicon, and the aforementioned metallization layer is Pt, and the aforementioned layer structure oxide is 
SBTN. 

[Claim 3] the substrate which consists of MgO (100), and the 1st electrode which consists of Pt (100) deposited on this 
substrate - this - a ferroelectric capacitor element equipped with the SBTN film which is a SBTN film deposited on 
the 1st electrode, and has c axis orientation, and the 2nd electrode deposited on this SBTN film 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the manufacture method of the thin 
film ferroelectric layer structure oxide by epitaxial / orientation growth about the deposition method of a ferroelectric 
film, and a ferroelectric capacitor element. 
[0002] 

[Description of the Prior Art] Ferroelectric material can be characterized [ first ] by having spontaneous polarization, 
and the direction of polarization can be reversed by electric field. In addition, such material presents a capacitor, a 
dielectric resonator, a heat sensor, a transducer, an actuator, non- volatile memory, an optical waveguide and the 
peculiar dielectric characteristics applied to a variety of equipments like a display, a piezo-electric property, and an 
electro-optics property. However, in order to apply to such various equipments, it is effective by manufacturing 
ferroelectric material with a thin film gestalt to utilize such various properties and to increase the flexibility of a design 
of a diaphragm structure. Moreover, the orientation in the film with which the ferroelectric crystal has the anisotropy 
and originally deposited it may have influence strong against the property. Therefore, what is necessary is just to 
control crystal orientation carefiiUy in a ferroelectric thin fikn, in order to acquire the property in which reappearance 
required to apply to various equipments is possible. In addition, it is also required to use tiie thin film deposition 
technology in which orientation demanded by the ferroelectric film can be realized. Furthermore, it is also possible to 
grow up a single crystal epitaxial fihn by depositing a film under the controlled conditions on a crystalline substrate 
material which has a lattice parameter near llie membranous lattice parameter which should be grown up. 
[0003] Although various deposition technology by present has been used in order to grow up the film by which 
orientation was carried out, or an epitaxial film, the technology of growing up the film which has a desired property at 
low temperature comparatively is still in the stage in the middle of research. Therefore, in order to attain this purpose, 
some technology is being developed at present. Generally, thin film deposition technology can roughly be classified 
into the following two categories. Namely, (1) physics vapor growth (PVD) and (2) chemical process ("The Materials 
Science ofThin Films") Milton Ohring, Academic Press, 1992; S.L.Swartz, IEEE Transactions on Electrical Insulation, 
25 (5), 1990, 935; It is two which refers to S.B.Krupanidhi, J.Vac.Sci.Technol.A, 10 (4), 1992, and 1569. This 
chemical process is classified into two more subgroups. That is, it is two, a chemical vapor deposition and a wet 
chemical process including sol gel and organic-metal decomposition (MOD). The ferroelectric thin film deposition 
methods most generally in PVD technology used are electron ray vacuum evaporationo, rf diode sputtering, rf 
magnetron sputtering, dc magnetron sputtering, ion beam sputtering, a molecular beam epitaxy, and laser ablation. As 
thin film deposition technology, the sol gel process and the MOD process have spread. Those processes are because it 
is easy. Moreover, according to those processes, a molecule is uniform, the rate of sedimentation is quick, a throughput 
is high, and it excels in composition control, and the advantage that main costs are also cheap is acquired (since a 
vacuum is not required). However, since there are a problem of the degree of perfection of the film under after 
[ deposition ] annealing and a problem of the danger of contamination in the case of a ferroelectric thin film, with a 
semiconductor process, the problem of being incompatible etc. receives restrictions. According to CVD technology, 
the film excellent in homogeneity is obtained, composition control is easy, both membranous density and rate of 
sedimentation are high, level difference covering nature is also very good, and, moreover, various advantages that a 
large-scale process is possible are acquired. However, selection of a suitable precursor (precursors) is a very important 
problem, and is also determining reaction temperature required for deposition. And in following the complicated 
composition seen typically especially on ferroelectric material, the chemical operation included in this process (for 
example, organic metal CVD) has a very complicated thing. The physical vapor-growth process, especially the 
sputtering process have been used for research of thin film deposition. According to PVD technology, the clear 
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advantage that both purity and cleanli^^s are high, and it is compatible with a^roiconductor integrated circuit process 
by the dry process is acquired. A high quahty (it excels in the homogeneity on composition and a microstructure) film 
can be deposited on latus area now by having developed the method (rf magnetron sputtering, reactive sputtering using 
two or more target elements, ion beam sputtering, etc. occurring, if some examples are given) by the process which 
progressed more in recent years. In the PVD technology based on plasma, it is possible by using ion BOMB A of an 
intrinsic kind or an exogenous kind during membranous growth to reduce the growth temperature of the film in a 
desired phase. Laser ablation is the newly developed PVD technology, and the great expectation as technology which 
deposits a stoichiometry-multicomponent system ferroelectric thin film at low growth temperature comparatively is 
applied. However, a throughput is low, the rate of sedimentation is slow, it is necessary to make temperature of 
anneahng after deposition high, and the cost of equipment also has the fault of being high in PVD. All of the 
technology expressed above can be used for growing epitaxially or orientation growing up a thin film. However, about 
epitaxial growth, liquid phase epitaxy, vapor phase epitaxy, and a process like a molecular beam epitaxy are used 
widely. 

[0004] although how many technology has been used in order to manufacture various ferroelectric elements like a 
pyroelectricity detector, an ultrasonic sensor, a surface acoustic wave device, and various electro-optics elements the 
effect is proved [ elements ], the thing used as the greatest stimulus to ferroelectric thin film research activities in 
recent years is the big need to commercialization of non-volatile memory As mentioned above, ferroelectric material is 
characterized by having the spontaneous polarization which can be reversed by reversing impression electric field. 
Polarization in this material shows a hysteresis according to the impressed electric field. That is, in zero electric field, 
as shown in drawi ng 1 , stable 2 polarization state, +PR, or -PR exists similarly. Since it has such a feature, the bistable 
element which has electrically the ferroelectric capacitor (metal-ferroelectric-metal) structure which can be reversed is 
realized. It is possible to encode either of these two states as "1" or "0" in a computer memory, and since the electric 
field (power) fi-om the outside are not needed in order to maintain this state of an element, it can be considered that this 
element is a nonvolatile storage. In order to switch this state of an element, the threshold electric field (anti-electric 
field) exceeding +EC or -EC are required. In order to make required applied voltage low, it is necessary to process 
ferroelectric material with the gestalt of a thin film. True nonvolatile random access storage is obtained by integrating a 
ferroelectric thin film capacitor in existing VLSI (refer to J.F.Scott and Science by C.A.Paz de Araujo, 246, (1989), 
and 1400-1405). A ferroelectric RAM (FRAM) has various advantages that early and operating voltage are [ switching 
speed ] low (less than [ 5 V ]), and moreover it is [ an operational temperature range is wide and ] excellent in a 
radiation resistance, nonvolatile. Furthermore, since a ferroelectric thin film, an electrode, and a passivation layer can 
be deposited within the small equipment arranged independentiy, change of what does not need to add them to VLSI 
manufacture of Si by the present online system, or GaAs, either. Theoretically, finally some FRAMs can replace the 
memory (EEPROM) only for read-out possible [ the static RAM (SRAM) in a cache memory, the dynamic RAM 
(DRAM) in main system memory and electric elimination in a look-up table ], and programmable, if other applications 
are given. 

[0005] Although big potential possibility is obtained by nonvolatile RAM by using a ferroelectric thin film, it is the 
problem of serious degradation of the defatigation which has a bad influence on the life of a ferroelectric element, a 
leakage current, aging, etc. which is the big hindrance of commercialization. The common cause of degrading the 
property of a ferroelectricity oxide is that a defect like an oxygen hole exists in material. If the problem of defatigation 
is taken into consideration, when polarization will be reversed, you should note the point that a ferroelectric loses some 
of the polarization. This phenomenon is known as defatigation degradation and is one of the main obstacles which 
check formation of a high quality ferroelectric thin film. After "reducing" the hysteresis loop for defatigation and 
passing through many cycles finally, it becomes difficult to distinguish "0" fi-om " 1 " in storage, and the efficiency of 
storage falls, the cause (it Desu(s) I.K.Y00 and S.B. ~) which defatigation generates Mat.Sci.and Eng., B13, (1992), 
319; S.B.Desu and I.K.Y00, J.Electrochem.Soc, 140, (1993), and L133 ~ referring to ~ The trap of them is sometimes 
carried out [ the relative movement of an oxygen hole, and / both ] to an electrode / ferroelectric interface (and/or, the 
grain boundary and a domain boundary). These defects are generated during processing of a ferroelectric (it had 
desired ferroelectric phase) film. Under the alternating cxirrent electric field (it is required in order to generate reversal 
of polarization) impressed fi*om the outside, as a result of an electrode / ferroelectric interface becoming unstable, an 
oxygen hole tends to move toward the interface. Finally, the trap of these defects is carried out to an interface, and they 
bring about a structural damage. For this reason, a result lost by polarization in material is brought. 
[0006] In order to conquer the problem of defatigation or other degradation, there are two possible solutions. The 1 st 
solution is weakening the inclination which carries out a trap by changing the property of an electrode / ferroelectric 
interface. It is used in order that the multilayer electrode structure using a ceramic electrode like Ru02 which can 
minimize the trap of an oxygen hole may minimize the problem of defatigation in a ferroelectricity oxide (refer to 
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Desu's and others U.S. Pat. No. 5,491^TO, and "Multilayer Electrodes for Ferr^^ctric Devices"). The 2nd solution is 
accompanied by control of defect density. Exogenous point defect concentration can be minimized by reducing high 
impurity concentration or performing compensation of impurities. Doping of La and Nb is known by compensating a 
hole as technology which makes low defatigation speed of the PZT thin film on Pt electrode (refer to 
Mat.Res.Soc.Symp. by S.B.Desu, D.P.Vijay, and I.K.Y00, 335 (1994), and 53). That defective formation energy 
essentially chooses a high compound as a policy for minimizing intrinsic defective concentration, for example or 
choosing the compound which does not have a volatile component into the sub-lattice which presents strong dielectric 
characteristics are mentioned. Therefore, as another policy for conquering the problem of defatigation or other 
degradation, using the ferroelectric compound which does not contain a volatile component is mentioned into the sub- 
lattice which presents strong dielectric characteristics. Many layer structure ferroelectricity oxides which fulfill such 
adoption criteria are known. 

[0007] The compound of a large number expressed with general formula (Bi 202) 2+(Mn-lRn03n+l)2- in a layer 
structure group (here) M=Ba, and Pb, Sr, Bi, K or Na - it is - n= 2, and 4 or 5 ~ it is - R=Ti, and Nb or Ta - it is 
having a ferroelectricity is known (it Solids(es) J.Phys.Chem. by E.C.SubbaRao ~) 23 (1962) 665; Arkiv Kemi by 
B.Aurivillius, 1 [54] (1949) 463; J.Chem.Phys. by E.C.SubbaRao, 34 [2] (1961) 695; Refer to G.A.Smolenski, 
V.A.Isupov and Fiz Tverdogo Tela by A.I.Agranovskaya, 3 [3], (1961), and 895. These compounds have false 
tetragonal symmetric property, and have the structure to which a imit (unit lattice) like the perovskite set to MR03 
carried out the laminating of the composition on a title between Bi20 two-layer along with the c axis of a false 
tetragonal phase. A majority of these compounds do not contain a volatile component at all in the sub-lattice which 
presents spontaneous polarization. The problem of degradation, such as defatigation by the inclination for a defect like 
an oxygen hole to be formed, and it, can be carried out in this way, and can be eased. 
[0008] Generating spontaneous polarization along with both an a-axis and c axis is known for such material. 
Spontaneous polarization is brought to the field of these layers when a layer like a perovskite which consists of R06 
octahedron exists. In the direction in alignment with c axis, the continuity of a layer like a perovskite is disrupted by 
existence of a layer (Bi 202). However, since it is observed, as for the spontaneous polarization which still met c axis, 
it turns out that the layer (Bi 202) has also participated in the synergistic phenomenon which becomes the basis on 
which such material has a ferroelectricity. However, the spontaneous polarization measured along with the a-axis 
differs fi*om the spontaneous polarization measured along with c axis mutually. As a layer structure ferroelectric which 
presents the gestalt of bulk, and the gestalt of a thin film and by which the property was fiiUy evaluated there is Bi4Ti 
3012 (Appl.Phys.Lett. by S.E.Cummins and L.E.Cross ~) Refer to Appl.Phys.Lett. by 10 and (1967) 14;N.Maffei and 
S.B.Krupanidhi, 60 (6), (1992), and 781. Depending for spontaneous polarization and the anti-electric field in this 
material on orientation greatly is known. The polarization vector inclines at the small angle (4 times) toward a-b plane. 
Thereby, along with an a-axis, as for one, the two different polarization moments are brought about along with c axis, 
as for another. A c axis orientation fikn shows low polarization and a low EC value to an a-axis orientation film 
showing big polarization and big EC (anti-electric field) value typically. It is accordant to ** to think that such 
behavior is characteristic of many mixed bismuth ferroelectricity oxides. Therefore, in case it applies to nonvolatile 
RAM, it is desirable to grow up the fihn of a layer structure oxide along with c axis. Therefore, it is necessary to make 
low switching voltage impressed to the material of given thickness. However, the remanence and the value of anti- 
electric field in alignment with c axis must be satisfying the requirements at the time of applying to non-volatile 
memory. Moreover, growth technology should provide the device with a quality film with which degradation becomes 
the minimxam. Below, the result investigated about growth of 2 (TaxNb 2-x)0c axis orientation SrBi9 film (SBTN 
film) (however, 0< x<2) is reported. The strong dielectric characteristics of the SBTN thin film grown up without 
desirable c axis orientation before were reported. The result that the strong dielectric characteristics of such material 
are good (PR;1 lmicroC/cm2, EC=65 kV/cm), and resistivity is high (5x10-12 ohm-cm) and behavior without 
defatigation is carried out was obtained, and it was shown that it is the strong candidate who applies to non- volatile 
memory. However, since polarization and the value of anti-electric field which were acquired did not have specific 
desirable orientation, they were the combination of a-axis polarization and c axis polarization. If these films are grown 
up in a desirable form along with c axis, it will be expected that these properties (especially anti-electric field and 
resistivity) improve fiarther. 

[0009] Extensive research has been performed that a ferroelectric film should be conventionally grown epitaxially on 
an oxide substrate by various methods. The method of growing up PLZT on sapphire by rf magnetron sputtering if 
some examples are given, How to grow up KNb03 on MgO by ion beam sputtering. How to grow up BaTi03 on MgO 
by pulse laser ablation, How to grow up PbTi03 on SrTi03 by MOCVD, there is a method of growing up LiNb03 on 
sapphire by sol gel etc. (it Adachi(s) H. ~) 1 1 Jpn.J.Appl.Phys.22 by T.Kawaguchi, M.Kitabatake, and K.Wasa, 
Suppl.22-2, 1983; M.S.Ameen, T.M.Grattenginer, S.H.Rou, H.N. aluminum- Shareef, K.D.Gifford, O.Auchiello and 
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A. I. 65 Mat.Res.Soc.Symp.200 by K^)n, 1990; 2762 J.Mater Res.5 by M.G.^Rton and C.B.Carter, 1990; M.de 
Keijser, G.J.Dormans, J.F.Cillessen, D.M.de Leeuw and H. 2636 AppLPhys.Lett.58 by W.Zandbergen, 1991; Refer to 
Mater.Lett.lO by K.Nashimoto and M.J.Cima, and 348 and 1991. Most of these researches make the perovskite type 
ferroelectric appHcable [ main ] to research, and it is not considered an old place that a layer structure oxide is a strong 
candidate for applying to a ferroelectric element. However, the attempt which uses Bi4Ti 3012 which is layer structure 
material as a gate material of the transistor applied to switching memory is also made (refer to 499-504 pages in 
S.Y.Wu, IEEE Transactions on Electron Devices, and August, 1974). TTiere is also an example which grew this 
material epitaxially on the SrTi03 substrate (refer to Appl.Phys.Lett.57 by A.Inam;X.D.Wu by R.Ramesh, K.Luther, 

B. Wilkems, D.L.Hart, E.Wang, and J.M.Tarascon, and T.Vankatesan, and 1505 and 1990). However, since these 
elements showed degradation at an early stage, they were unsuitable for applying to memory (refer to Ferroelectrics by 
S.Y.Wu, 1976 or 1 1 volumes, and 379-383 pages). It is thought that there is no example which succeeded in 
development of a utilizable device using the layer structure oxide because the quality thin film which consists of such a 
material cannot be deposited. 

[0010] 

[Problem(s) to be Solved by the Invention] The technical problem that it was more useful than before in a capacitor, a 
nonvolatile storage, a pyroelectricity infrared sensor, an optical display, an optical switch, a piezoelectric transducer, 
and various applicable fields like a surface acoustic wave device, and the method of depositing the quality layer 
structure oxide ferroelectric thin film by which epitaxial growth or orientation growth was carried out with high 
reliability was offered occurred. 

[001 1] It is made in order that this invention may solve the above-mentioned technical problem, and it aims at offering 
the reliable deposition method for manufacturing the layer structure oxide ferroelectric thin film which grew [ which 
grew epitaxially and orientation-grew ] epitaxially of conquering the defatigation in non-volatile memory, a leakage 
current, and the problem of various degradation like aging. 
[0012] 

[Means for Solving the Problem] So that the method of depositing the ferroelectric film by this invention may include 
the process which deposits a metallization layer on a substrate, and the process which deposits a layer structure oxide 
on this metallization layer and a result to which grid mismatching is limited may be brought So that this metallization 
layer and this substrate may bring a result to which it has the lattice parameter of predetermined within the limits, 
respectively, and grid mismatching is limited By having the lattice parameter of this predetermined within the limits of 
this metallization layer, this layer structure oxide attains the above-mentioned purpose, when this layer structure oxide 
accumulates on a desired growth direction. 

[0013] The aforementioned substrate may be MgO deposited on silicon, and the aforementioned metallization layer 
may be Pt, and the aforementioned layer structure oxide may be SBTN. 

[0014] or the substrate which consists of MgO (100) and the 1st electrode which consists of Pt (100) deposited on this 
substrate - this ~ it is the SBTN film deposited on the 1 st electrode, and the above-mentioned purpose is attained by 
offering a ferroelectric capacitor element equipped with the SBTN film which has c axis orientation, and the 2nd 
electrode deposited on this SBTN film 
[0015] An operation is explained below. 

[0016] In the method of depositing the ferroelectric film by this invention, the material of a layer structure oxide is 2 
(Bi 202)+(Mn-lRn03n-hl)2- preferably. It is M=Ba, and Pb, Sr, Bi, K or Na, and is n= 2, and 4 or 5 here, and they are 
R=Ti, and Nb or Ta. Substrate material is the silicon wafer (RuOx/SiO/Si02/Si) coated with MgO/Pt, Pt/Ti/Si02/Si, 
and RuOx, sapphire, or MgO preferably. The metallization material in an element is Pt, MOx (it is here and they are 
M=Ru, Ir, Rh, Os, etc.), YBCO (yttrium-oxide barium copper), LSCO (cobalt acid lanthanum strontium), and Au, Pd, 
aluminum or nickel preferably. It becomes possible to offer the reliable deposition method for manufacturing the layer 
structure oxide ferroelectric thin film which grew [ which grew epitaxially and orientation-grew ] epitaxially of 
conquering the defatigation in non- volatile memory, a leakage current, and the problem of various degradation like 
aging, using such material. Moreover, the deposition method by this invention is usefiil in a capacitor, a nonvolatile 
storage, a pyroelectricity infrared sensor, an optical display, an optical switch, a piezoelectric transducer, and various 
applicable fields (however, it does not pass over these for some examples, and they do not necessarily have the 
intention of limitation) like a surface acoustic wave device. 
[0017] 

[Embodiments of the Invention] Epitaxy points out forming the single crystal film extended on a crystalline substrate. 
According to the degree of the grid mismatching between a film and a substrate, the epitaxy of two different types is 
distinguishable. Gay epitaxy points out the case where a film and a substrate consist of tiie same material. In this case, 
since a difference is not looked at by the lattice parameter of a film and substrate material, there is no interface joint 
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distortion. On the other hand, althou^R film consists of a different material aSra hetero epitaxy has a lattice- 
parameter value near a membranous lattice-parameter value, it points out growing up a single crystal film on the 
substrate which produces mismatching inevitably [ a membranous lattice-parameter value ]. An epitaxial film may be 
unable to be grown up if the grid mismatching between a film and a substrate is large. However, if suitable thin film 
deposition technology is still used, it is possible to grow up the polycrystal film which has strong desired orientation on 
the one or more crystal faces on a substrate. Moreover, in a certain case, even if, even if a lattice parameter can be 
equal or it has taken close adjustment, growth conditions may not make it possible to grow up an epitaxial film on a 
substrate. However, it is possible to form the film which has strong desired orientation also under such conditions. The 
film which has strong desired orientation can also offer directive property required to apply to a device. The 
membranous deposition method and the property of substrate material do the serious control for the property 
(orientation) of the film obtained. 

[001 8] If the method of depositing an epitaxial film is roughly divided, it can be classified into liquid phase epitaxy 
(LPE), vapor phase epitaxy (VPE), and a molecular beam epitaxy (MBE). LPE is accompanied by settling a crystal 
film &"om a supersaturation melt to up to a parent substrate. This parent substrate acts also as a physical support plate 
of hetero structure also as a template of epitaxy. Vapor phase epitaxy is essentially the same as a CVD process, and 
membranous growth is performed to the bottom of flie controlled condition. A molecular beam epitaxy is accompanied 
by controlling precisely the single crystal substrate material arranged in a high precision, and carrying out vacuum 
evaporationo within the system of an ultra-high vacuum, in order to make a desired epitaxial film generate. The laser 
ablation process is used for growing up a several layers single crystal multicomponent system oxide film recentiy. All 
of the PVD process and chemical process which were mentioned above in such technology and the row can use a film 
for growing epitaxially/orientation growing up. 

[0019] The following indications explain the manufacture method of such a quality layer structure oxide tiiin film by 
which epitaxial / orientation growth was carried out that it is applicable to a device, this application specification 
associates and explains the process of this invention to various devices. Having succeeded in manufacture of such 
orientation with it that the process by this invention can apply to a device / epitaxially grown layer structure oxide film 
[ quality ] The layer structure ferroelectric material (namely, 20SrBi2Ta209(SBT)-SrBi2Nb9 (SBN) solid solution) of 
a specific class is used. It proves by explaining the gestalt of specific operation of this invention (namely, laser 
ablation) in the context of manufacturing a certain specific ferroelectric equipment (namely, ferroelectric capacitor 
applied to non-volatile memory). The gestalt of specific operation shown in this application drawing and this 
application specification is merely mentioned as an example, and it emphasizes that this invention is limited by only 
the aforementioned claim. 

[0020] With the gestalt of the operation of a certain specification by this invention, the c axis orientation thin film 
which consists of SBTN was grown up on the MgO(100)/Pt (100) substrate by the excimer laser ablation method. The 
unique effect that very good stoichiometry control can be done to a multicomponent system oxide film with this 
technology is acquired. It has succeeded in in situ deposition of a multicomponent system high-temperature 
superconductivity nature oxide thin film using this technology, moreover, this technology since then it is attractive 
especially (it Venkatesan(s) D.Dijkkamp and T. -) Refer to Appl.Phys.Lett. by X.D.Wu, S.A.Saheen, N.Jisrawi, 
Y.H.Min-Lee, W.L.Mclean, and M.Croft, 51, (1987), and 619. This technology uses semiconductor technology for, 
and can generate a multicomponent system constituent, and it has the advantage that extensive and various material can 
be deposited in a latus pressvire range. 

[0021] The ** type view of a ferroelectric capacitor whose ferroelectric material is a layer structure oxide is shown in 
drawing 2 . A ferroelectric capacitor is formed on the substrate material 10 in which is 2 silicon-oxide layers by which 
the laminating was carried out on MgO, silicon, and the silicon chip, gallixmi arsenide, sapphire, etc., and it deals. Of 
course, you may form a complicated integrated circuit by considering as the layer structure which has the various 
circuit elements formed in the substrate 1 0 on the silicon chip which has 2 silicon-oxide layers, a polysilicon contest 
layer, the silicon layer by which the ion implantation was carried out. On a substrate, the thin bottom electrode layer 12 
is deposited using either a standard PVD process or the chemical process for thin film deposition mentioned above. 
The material of a bottom electrode is a superconductivity nature oxide like a metal like Pt, Au, Pb, or Pd, a conductive 
oxide (it is here and they are M=Ru, and Rh, Ir, Os or Re) like MOx (0< x<2), a conductive nitride like TiN and ZrN or 
YBa2Cu 307-x, and Bi2Sr2calcium2Cu 3O10, and it deals in it. If required, you may grow up a bottom electrode 
along a specific direction by forming the middle template layer 1 1 between a substrate and a bottom electrode. Then, 
the ferroelectric material 1 3 which is a layer structure oxide is deposited on a bottom electrode according to the process 
of this invention mentioned later. Then, after forming an electrode directly on a required field, or once depositing this 
material on the whole surface of a ferroelectric film and masking appropriately by depositing the top electrode material 
14 through a shadow mask, some capacitors are formed on a wafer by using either of the standard VLSI etching 
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processes, such as reactive ion etchin^^et etching, ion milling, and plasma et^mg, and **********ijig ^ top 
electrode material may be the same as the material used for the bottom electrode also here, and a material another type 
is sufficient as a material equivalent to the material or them which were mentioned above. When required, as shown in 
drawing 3 , between a ferroelectric layer and a bottom electrode and between a ferroelectric layer and a top electrode, 
buffer layers 15 and 16 may be added, respectively, and may carry out a laminating. 

[0022] This process can be begun from manufacture of the target material (source) deposited first. Target material is 
manufactured using either the conventional fine-particles processing method or the bulk compound manufacture 
method in which use like a coprecipitation method is possible. With the form of operation of a certain specification, the 
multicomponent system oxide or multicomponent system carbonate contained in a layer structure compound was used 
through the ball of a zirconia or an alumina in an organic solution like a methanol, and it mixed in the conventional ball 
mill. A target fine-particles-like material was formed by drying the organic solution at an elevated temperature, 
calcinating, and completing the reaction between [ various ] elements. Then, what is known as the "green body" was 
formed using the mechanical press by pressing the fine particles in a circular die under the conditions of high pressure 
and a room temperature. The green body was sintered, combination of the fine-particles particle in the green body was 
promoted, and the mechanical integrity of target material has been improved by it. As an example, the solid solution 
(SBTN) of SrBi2Ta209-SrBi2Nb 209 which is target material was manufactured by mixing the fine particles of 
SrC03, Bi 203, Ta205, and Nb205 measured according to the stoichiometry in the conventional ball mill, using a 
methanol as a solution, using the ball of the alumina between 6 hours as a tumbling media. Then, mixed fine particles 
were dried at 150 degrees C among the drying fiimace for 3 hours, and alcohol was removed. Then, baking of the 
mixed fine particles was carried out at 1000 degrees C among the core-box fiimace for 1 hour (inside of air), and the 
reaction was completed. Furthermore, the calcinated fine particles were pressed under pressure 10,000psi and the 
conditions of a room temperature among the circular die which has the bore of 1 inch, and the green target was formed. 
Then, sintering of the green target of SBTN material was carried out at 1 1 00 degrees C among the core-box furnace for 
1 hour (inside of air), and the target material of the purpose for ablation was formed. The first fine particles were mixed 
during processing of almost all target material according to the stoichiometry. The exception was the compound of Pb 
base. In order to compensate the volatility of PbO, PbO was added superfluously (usually 0 - 20%). In a certain case, 
Bi 203 was similarly added superfluously in 0 - 50% of range. The step most important when performing target 
processing was a setup of burning temperature and sintering temperature. When said roughly, the range of the buming 
temperature to various layer structure compounds was 700-1600 degrees C, and sintering temperature was 100-degree- 
C elevated temperature from the buming temperature to each compound. 

[0023] The ** type view of a chamber used for the laser ablation of a layer structure oxide is shown in drawingj4 . It is 
accompanied by this process essentially generating the plume (plimie) of the material ionized by the laser radiation 
using the solid-state target injected on substrate material. Then, the thin film which consists of target material is grown 
up on a substrate on atomic level. It is most conraion for this purpose to use UV excimer laser. The wavelength of laser 
gas and the energy by it can be adjusted by using the various gas by which composition, such as ArF (193nm), KrF 
(248nm), KCl (222nm), XeF (351nm), and XeCl (308nm), differs. KrF (248nm) is laser gas most widely used for thin 
film deposition processes. It is because the laser output of a high energy is obtained according to this gas. With the 
form of the operation of a certain specification by this invention, focusing of the KrF laser (248nm) 20 was carried out 
on the rotating start material target 28 using the plano-convex lens (focal lens 30) of 50cmUV grade as shown in 
drawing 4 . the energy of an incident beam - the range of 300 mJ/pulse - 1000 mJ/pulse - it changes by 600 mJ/pulse 
preferably ~ making - this laser - the frequency of the range of 2-500Hz - it was made to operate on the frequency of 
lOHz preferably this beam - the angle of the range of 15-70 degrees - incidence was preferably carried out to up to 
the target 28 at the angle of 45 degrees The target 28 was rotated at the rate of 10 - 13rpm. The material of a substrate 
24 was installed on the block made from stainless steel using the silver paste activated thermally, prepared the interval 
of 4-5cm, and has been arranged at a target and parallel The substrate electrode holder 22 was similarly rotated, in 
order to realize certainly uniform deposition of a up to [ the front face of a wafer ]. This deposition was performed after 
exhausting the chamber 26 which has held the target and the substrate to the standard pressure set as the pressure (the 
desirable oxygen pressure force is 200mTorr) of ImTorr - lOOTorr within the limits. This went deposition material to 
the well which oxidizes certainly and proper. Typically, substrate temperature was maintained by the temperature of 
the range of room temperature -900 degree C. A desirable substrate temperature requirement is 700 degrees C - 800 
degrees C. After depositing a film, in a certain case, annealing was performed at the temperature within the limits of 
300 degrees C - 900 degrees C, and the desired ferroelectric phase was obtained to it. 

[0024] The layer structure material SrBi 2 (TaxNb 2-x)09 (0< x<2) was made to deposit with the form of the specific 
operation with this invention using an excimer laser ablation process. The target used in this process was manufactured 
by the conventional fine-particles processing method mentioned above. The substrate was set to MgO (100) coated 
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with the layer of Pt bottom electrode ^WOnm) by RF magnetron sputtering. Th^Tt (100) film was grown up into the 
bottom of the controlled condition on the MgO (100) substrate within RF sputtering chamber. Deposition conditions 
were set to substrate temperature =700 degree C, RF power =50W, and air gas pressure =20mTorr in order to realize 
the rate of sedimentation of 3 nm/min. After installing a substrate and a target in each electrode holder and inserting 
into a deposition chamber, the chamber was exhausted so that it might become the standard pressure of 10-7Torr. It 
deposited at oxygen tension 200mTorr in the distance of 5cm between pulse-energy 600 mJ/pulse, the fi-equency of 
lOHz, and a target-substrate, the laser incident angle of 45 degrees, and a chamber, and the substrate temperature of 
700 degrees C, using KrF (248nm) as laser gas. The SBTN film was deposited so that it might be thin to 200nm. After 
performing shadow masking within RF sputtering system, the circular Pt top electrode (300nm) was deposited on the 
ferroelectric film, and some capacitors were formed on the prototype wafer. Area of a capacitor was set to 2.1x10 to 4 
cm2, respectively. 

[0025] Thus, it tested about the quality of the manufactured ferroelectric film and ferroelectric equipment. The 
microstructure of a ferroelectric film, composition, and a crystal phase are factors decisive although the property of an 
element is controlled, good deflection — a spectrum — it asked for the membranous thickness and the membranous 
refi-active index which were deposited using the ellipsometry method Thus, the value which shows membranous pack 
density good is acquired by comparing the value of the obtained refi-active index with the value to which it corresponds 
in bulk. The delta and PUS AI coefficient of these films were measured at the angle of 70 degrees, 75 degrees, and 80 
degrees. Next, it asked for thickness and the refi-active index by assuming Cauchy's dispersion relation which is the 
empirical formula of a dielectric fihn. Draw in g 5 is plotting the refi-active index and the quenching coefficient as a 
fiinction of wavelength about the SBTN film which has composition near x= 0.8. In the visible range, these films show 
about 2.0 refi-active index. Since this refi-active index is close to the value observed by the solid solution (target) of a 
bulk form, it expresses good film pack density. This is a direct conclusion from the high density which the target used 
for deposition has. The thickness of the film called for by this technology was 200nm. Surface composition of the film 
called for by XPS (X-ray photoelectron spectroscopy) was close to the stoichiometry of a corresponding target. This 
shows that the fluence level used for depositing a film suited the un-thermal ablation range in which any one 
component in a multicomponent system oxide has priority, and does not evaporate. Thus, it is a result peculiar to a 
laser ablation process that composition is closely controllable on the occasion of deposition of a multicomponent 
system oxide. 

[0026] In order to investigate the orientation of the deposited film, XRD (X diffraction) was used. Generating of the 
orientation of a request while growing up a film is deterministically controlled by the lattice-parameter ratio of a film 
and substrate material. In the case of a c axis orientation SBTN thin film, it is required to choose the substrate material 
which has a lattice parameter near the "a" parameter of a ferroelectric unit cell (imit cell), "a" parameter value of a 
SBTN false tetragonal imit cell is 0.389nm. Pt of FCC also has the same lattice constant as a SBTN film. In order for 
this to desire a SBTN film along with c axis and to grow up it into a passage, it means that it is necessary to grow up 
the lower layer Pt film by orientation (100). (100) Pt film can be made to deposit on a MgO (100) substrate at low 
temperature (550 degrees C - 700 degrees C) comparatively by sputtering. It crystallizes in the form of cubic NaCl 
structure, and MgO is FCC. Between Pt(s), only only 7.4% of grid mismatching (lattice-parameter =0.42 Inm) is 
shown. Therefore, in this application, MgO (100) was chosen as a substrate material. Drawing 6 shows the XRD 
pattem of Pt film deposited on the MgO (100) substrate. If it analyzes, it tums out that things scattered on dominance 
originate in Pt (100). However, there are also few amoimts of dispersion detected in a film at such deposition 
temperature (111). Moreover, it is proved [ scan / rocking curve ] that half- value width (fixU width at half maximum) 
carries out orientation of the Pt (100) film with high precision on ( drawing. 7 ) and tiie field of a sample by only 1.4. 
Drawing 8 shows the typical XRD scan of the SBTN tiiin film deposited on the MgO(100)/Pt (100) substrate. The scan 
shown in drawing^S is a thing about a SBTN film with composition near x= 0.8. (001) The diffraction peak at which 
some in connection with dispersion from a field were conspicuous was observed. In addition, the weak diffraction peak 
of the grade from a phase (115) and (200) a phase was also seen. It is shown clearly that these results have desired c 
axis orientation in the ferroelectric film of these. If the property of substrate material is taken into consideration, 
although it is desirable to grow up a SBTN fihn along with c axis, the role of laser ablation process original of giving 
high energy to a deposition kind cannot be disregarded. Typically, the average energy of the deposition kind in pulse 
laser deposition is 10-12eV. This value is far high compared with the thin film deposition technology of others like 
magnetron sputtering or heat vacuum evaporationo. Temperature of the epitaxial growth which is desirable growth can 
be carried out in this way, and can be made low. It is because a part of this energy can be used for the recrystallization 
of a desired phase. 

[0027] After depositing circular Pt counterelectrode on the area of 2.1x10 to 4 cm2 through a shadow mask, the 
electrical property of a c axis orientation film was measured. Drawing 9 shows the hysteresis characteristic of 
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1.2OSrBi2Ta0.8Nb9 (x= 0.8) film. T^^ysteresis loop was fully saturated witBne applied voltage of 5V. The 
remanence was 1 lmicroC/cm2 and the anti-electric field of the film of this composition were 45 kV/cm. It asked for 
behavior of fatigue of these films using the 5V bipolar square wave signal with a fi-equency of IMHz into which it was 
inputted by the pulse oscillator. These films did not show fatigue at all up to 109 test cycles, but the hysteresis loop 
after performing this cycle resembled the thing before performing a cycle as shown in drawing 1 0 ( drawing 1 1 ). The 
hysteresis characteristic of 20SrBi2Nb9 film similarly manufactured for comparison is shown in drawing 12 . In this 
case, the remanence value was 8microC/cm2 and anti-electric field of the film were near the 40 kV/cm. The dielectric 
constant and dielectric loss of these films were measured as a function of fi-equency. The result about 
1.2OSrBi2Ta0.8Nb9 film is shown in drawing _1 3 . The film by this composition showed the dielectric constant 314 by 
lOkHz, and showed the tangent delta (dielectric loss) value 0.04 of simultaneously regularity by the measured 
fi-equency range. Moreover, these films showed very low resistivity 4x10-13 ohm-cm. 

[0028] According to the process of this invention, the behavior which does not have fatigue in the hysteresis and 
dielectric-characteristics row which were measured about the c axis orientation thin film which consists of the SBTN 
solid solution shows that the quality film suitable for applying to a nonvolatile RAM can be offered. If the results 
before obtaining about a film without strong desired c axis orientation are compared with these properties, although 
there will be no great difference in the value of a remanence, it turns out that anti-electric field differ fi-om the value of 
resistivity remarkably. Specifically, the value of anti-electric field is a value (45 kV/cm) only with low 20 kV/cm, and 
membranous resistivity showed the value which goes up by order by 1 figure by the c axis orientation film. Thus, if the 
improved property is seen, it is clear to application to non- volatile memory to make it more desirable for a c axis 
orientation film to grow. Behavior of fatigue Movement and various interfaces of an oxygen hole Its attention was paid 
as a cause of fatigue of the trap in for example, (an electrode / ferroelectric interface), if the defective trap model 
developed before is used, it can explain ( Mat.Sci. Eng. by LK.Y00 and S.B.Desu -) B13, (1992), 319; I.K.Yoo and 
Phys.Stat.Sol. by S.B.Desu, a ~ 133 (1992) and 565; Refer to J.Electrochem.Soc. by S.B.Desu and I.K.Yoo, and 140 
(1993) and 2640. a volatile component does not exist in a sub-lattice (it shows strong dielectric characteristics in a 
SBTN film) ~ it is - while carrying out high temperature processing of the ferroelectric material, the inclination for an 
intrinsic defect like an oxygen hole to be formed into a SBTN film can be eased Therefore, fatigue of a ferroelectric 
film is controlled by controlling these defective formation. 
[0029] 

[Effect of the Invention] It is shown that the behavior which does not have fatigue in the hysteresis and dielectric- 
characteristics row which were measured about the c axis orientation thin film by the process of this invention which 
consists of the SBTN solid solution can offer the quality film suitable for applying to a nonvolatile RAM. If the results 
before obtaining about a film without strong desired c axis orientation are compared with these properties, although 
there will be no great difference in the value of a remanence, it turns out that anti-electric field differ fi-om the value of 
resistivity remarkably. Thus, if the improved property is seen, it is clear to application to non- volatile memory to make 
it more desirable for a c axis orientation film to grow. 

[0030] Thus, according to this invention, the usefiil deposition method of a ferroelectric film and a ferroelectric 
capacitor element can be offered in a capacitor, a nonvolatile storage, a pyroelectricity infirared sensor, an optical 
display, an optical switch, a piezo-electric transducer, and various applicable fields like a surface acoustic wave device. 
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damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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